A long-standing question in biology is how a group of primordial cells can give rise to complex organs. A new study finds that, in an ancient land plant, growth rate variation patterned by meristematic cells primarily determines shape.
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A key developmental process in all multicellular organisms is the establishment and maintenance of proper size and shape. Overall, morphological structure is crucial for proper function, but how it is precisely regulated remains a mystery In this issue of Current Biology, Solly et al. [9] have used the liverwort Marchantia polymorpha as a model to investigate the mechanism of shape determination. Using time-lapse imaging, quantitative analysis of microscopy data, and modeling, they study the morphogenesis of the Marchantia thallus. They propose that the meristematic regions pattern growth regulators, which create regional differences in growth rates that determine the shape of the thallus.
The authors imaged live, developing thalli and described a program of thallus shape transitions during their first two weeks of growth, which characterizes the overall plant morphology. Solly et al. cleverly used air pores as fiduciary marks on the thallus to quantify the growth dynamics in different regions of the tissue. They found the growth rates varied depending on distance between the tissue and the meristematic notches, with highest rates near the notches and lower rates further away from the notches. In order to explain these growth rate distributions, Solly et al. compared four different statistical models. They found the model best fitting the experimental data was one in which growth rates were determined by two nearby notches and decayed exponentially with distance from both notches. This result suggests that, in vivo, the notches release a diffusible growth-promoting signal, whose concentration decays exponentially with distance from both notches.
The authors next simulated their optimal model in a tissue with isotropic growth (cells growing the same amount in all directions) with growth rates varying in proportion to the concentration of the growth-promoting signal [10] and an inhibition of growth in the notch to see whether it could reproduce Marchantia's thallus shape and growth pattern. Amazingly, this model generated growth patterns in the virtual thallus similar to experimental observations, and can reproduce the thallus shape transitions that characterize normal development. In other words, the model can reproduce the thallus growth pattern just from regionally different isotropic growth rates, without having to implement a field to polarize growth as is required in minimal models of flowering plant organ shape determination [4] [5] [6] .
The results of Solly et al. further suggest that the thallus forms distinct zones with different responses to the hypothetical growth factors, thus conferring different growth behaviors, which echoes the findings from flowering plants (Figure 1 ). Previous studies have observed regions with distinct cell growth and cell division patterns in a developing Arabidopsis sepal [7, 8, 11] . These regions can be roughly distinguished into three vertical zones: a meristematic zone at the sepal base with slow cell growth, a proliferation zone that has active cell division and Current Biology 27, R19-R41, January 9, 2017 ª 2017 Elsevier Ltd. R19
